The pion-baryon sigma terms and the strange-quark condensates of the octet and the decuplet baryons are calculated by employing the method of quantum chromodynamics (QCD) sum rules. We evaluate the vacuum-to-vacuum transition matrix elements of two baryon interpolating fields in an external isoscalar-scalar field and use a Monte Carlo-based approach to systematically analyze the sum rules and the uncertainties in the results. We extract the ratios of the sigma terms, which have rather high accuracy and minimal dependence on QCD parameters. We discuss the sources of uncertainties and comment on possible strangeness content of the nucleon and the Delta.
I. INTRODUCTION
The meson-baryon sigma terms are important for hadron physics as they provide a measure of chiralsymmetry breaking and the scalar quark condensate inside the baryon. In particular, the pion-nucleon and the pion-Delta sigma terms have received much attention and have been extensively analyzed in many problems (see Ref. [1] and references therein). The sigma terms are related to the chiral-symmetry breaking part of the QCD Lagrangian 
which is expressed in terms of SU(3)-flavor [SU(3) F ] singlet and octet pieces u 1 = uu + dd + ss, The strength of the SU(3) F breaking is controlled by the matrix elements of the octet piece and can be related to the resulting baryon-mass splittings through Gell-MannOkubo mass formula. The sigma terms, which are defined in terms of these matrix elements, can be in turn deduced from the SU(3) F pattern and the observed baryon-mass differences [2, 3, 4] . The sigma terms are equivalent to the values of the scalar form factorŝ
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at zero momentum transfer, with B = N , Σ, Λ, Ξ and B * = ∆, Σ * , Ξ * , Ω. Here, υ(p, t) is the Dirac spinor for the spin-1/2 baryon, υ µ (p, t) is the Rarita-Schwinger spin-vector of the spin-3/2 baryon, with the spin projection t, k = (p ′ − p) 2 is the momentum transfer, and σ B ( * ) (k), σ s B ( * ) (k) and F
(s)
T (k) are the scalar and tensor form factors, respectively. The minus sign on the righthand sides (RHS) of (3b) and (3d) is conventional like in the case of the free Delta Lagrangian. The sigma terms are also defined via the Feynman-Hellmann theorem as
where m B and m B * denote the octet-and the decupletbaryon masses, respectively. The matrix elements B ( * ) |ss|B ( * ) represent the strangeness content of the baryons, which can be combined with the pion-nucleon and the pion-Delta sigma terms in order to obtain, e.g., the eta-baryon sigma terms σ ηB ( * ) = 1 3 B ( * ) |m(ūu +dd) + 2m ss s|B 
The strange quark condensate of the nucleon is of special interest, which is expressed by the ratio
and related to the pion-nucleon sigma term through
where σ (0) N = 32 MeV is the pion-nucleon sigma term obtained from the matrix elements of the octet piece in Eq. (1) using baryon-mass splittings [3] . Hence, a discrepancy between σ (0) N and the directly observed σ N gives a measure of the strangeness content of the nucleon. The assumption from the Okubo-Zweig-Iizuka (OZI) rule as y = 0 implies a σ N which is significantly smaller than expectations based on π-N scattering. The resulting puzzle can be solved by considering the possibility of a non-vanishing ss content in the nucleon. This interesting issue has been tackled using various theoretical approaches, e.g., the chiral perturbation theory gives y ≃ 0.21 [5] , and lattice QCD gives y ≃ 0.36 [6] .
To our knowledge, there are only a few calculations in the literature for the meson-hyperon sigma terms. The quark condensates of the baryons have been calculated in Ref. [7] by means of a Nambu-Jona-Lasinio (NJL) approach to QCD. A chiral model has been used in Ref. [8] to evaluate the long-range part of the hyperon scalar form factors and the pion-octet-baryon sigma terms. When considered in the framework of the octet and the decuplet baryons, a determination of the the sigma terms is important for understanding the role played by the chiralsymmetry breaking in the octet-decuplet mass splittings. Moreover, since there is no direct coupling of the pion to Lambda baryon, the π-Λ sigma term cannot be directly determined from experiment. Therefore a theoretical determination of the π-Λ sigma term together with the π-Σ sigma term is crucial as these terms are related to Λ-Σ mass splitting. Two of us have recently calculated [1] the pion-nucleon and the pion-Delta sigma terms by utilizing the external-field QCD sum rules (QCDSR), which are a powerful tool to extract qualitative and quantitative information about hadron properties [9, 10, 11, 12] . In this framework, one starts with a correlation function that is constructed in terms of hadron interpolating fields. On the theoretical side, the correlation function is calculated using the Operator Product Expansion (OPE) in the Euclidian region. This correlation function is matched with an Ansatz that is introduced in terms of hadronic degrees of freedom on the phenomenological side. The matching provides a determination of hadronic parameters like baryon masses, magnetic moments, coupling constants of hadrons, and so on. Our aim in this work is to calculate the scalar quark condensates of the octet and the decuplet baryons and the related sigma terms defined in Eq. (3), by using the external-field QCD sum rules. To determine the value of the sigma terms, we evaluate the vacuum-to-vacuum transition matrix elements of two baryon interpolating fields in an external isoscalarscalar field. For our numerical procedure, we use the Monte Carlo-based analysis introduced in Ref. [13] . This method provides a more systematic treatment of uncertainties in QCDSR.
Our paper is organized as follows: In Section II, we present the formulation of QCDSR and construct the relevant sum rules. We give the numerical analysis of the sum rules in Section III. Finally, we discuss the results and arrive at our conclusions in Section IV.
II. THE DERIVATION OF THE SUM RULES
In the external-field QCDSR method, one starts with the correlation function of the baryon interpolating fields in the presence of an external constant isoscalar-scalar field S q , defined by
where η B and η µ B * are the octet-and the decuplet-baryon interpolating fields, which are respectively given as
Here a, b, c are the color indices, T denotes transposition and C = iγ 2 γ 0 . For the interpolating fields of the octet baryons, there are two independent local operators, but the ones in Eq. (9a) are the optimum choices for the lowest-lying positive-parity baryons (see, e.g., Ref [14] for a discussion on negative-parity baryons in QCDSR). Π B (p) andΠ B * (p) are the correlation functions when the external field is absent and correspond to the functions that are used to determine the baryon masses. The second terms in Eqs. (8) represent the linear responses of the correlators to a small external scalar field S q , which are computed with an additional term to the QCD Lagrangian:
Here, S u = S d ≡ S (S s ) represent the external scalar field and g S (g S s ) is associated with the coupling of the external scalar field to the u-and the d-
) denote the correlation functions in the existence of the external S (S s ) field. The external scalar field contributes to the correlation functions in Eq. (8) in two ways: first, it directly couples to the quark field in the baryon currents and second, it modifies the condensates by polarizing the QCD vacuum. In the presence of an external scalar field there are no correlators that break the Lorentz invariance, like qσ µν q which appears in the case of an external electromagnetic field F µν . However, the correlators already existing in the vacuum are modified by the external field, viz.
G denote the susceptibilities corresponding to the quark-gluon mixed condensates. Here we explicitly assume that the u-and the d-(s-) quark fields couple solely to the external field S (S s ). The quark condensates get modified in the presence of the external fields S and S s as follows:
where we retain the non-diagonal responses of( ss ) to external S s (S q ) field via the susceptibilitiesχ andχ s , and similarly for the quark-gluon mixed condensates viã χ G andχ s G . The coupling of the external scalar field to the quark is simply taken as g S ≡ g S s = 1. At the quark level, we have
respectively for N , Σ, Ξ and Λ, and
respectively for ∆, Σ * , Ξ * and Ω. To calculate the Wilson coefficients, we need the quark propagators in the presence of the external scalar field, which are written as
The first term on the RHS is the part of the propagator in the absence of the external field, which is given as
The second term appears in the existence of the external field and is given as
when the quark and external field have the same flavor. Otherwise, we have
The analyticity of the correlation function allows us to write the phenomenological side of the sum rules in terms of a double-dispersion relation of the form
The ground-state hadron contribution is singled out by utilizing the zero-width approximation, where the hadronic contributions from the Breit-Wigner form to the imaginary part of the correlation function is proportional to the δ-function:
for spin-1/2 baryons. The correlation functions for the spin-3/2 baryons are similarly expressed. In the presence of external field we have transitions to excited baryon states which are denoted by E. The matrix elements of the currents η B and η µ B * between the vacuum and the hadron states are defined as
respectively for the octet and the decuplet baryons, where λ B and λ B * are the residues. For the spin-3/2 baryons, we make use of the Rarita-Schwinger spin sum, which is
where the slash denotes p / = p µ γ µ . Inserting Eq. (21) into Eq. (20) and using the definitions in Eq. (3), the pole structures of the correlation functions in Eq. (19) are obtained as
for spin-1/2 baryons and
for spin-3/2 baryons. Here, the second terms are associated with the transitions to higher baryon states and α BE ( * ) denote the transition matrix elements. We can bring the correlation functionsΠ
where the ellipsis represents the Lorentz-Dirac structures other than g µν and g µν p /. Note that one can obtain the sum rules at different Lorentz structures. Here, we choose to work with the sum rules at the structures p / and g µν p / for the octet and the decuplet baryons, respectively, where the latter are completely contributed by the decuplet baryons with J = One then expresses the correlation function for the octet baryons as a sharp resonance plus a continuum after Borel transformation:
Similarly for decuplet baryons, we write
Here w B ( * ) and w s B ( * ) denote the continuum thresholds in the existence of the S q and S s fields, respectively. Above we have defined Π
. We have included the single-pole contributions with the factors C B ( * ) and C s B ( * ) , which correspond to transition strengths to higher baryon states [second terms on the RHS of (23) and (24) upon Borel transformation]. These transition terms are not properly suppressed after the Borel transformation and should be included on the phenomenological side.
The QCD sum rules are obtained by matching the OPE sides with the hadronic sides and applying the Borel transformation. We give the resulting sum rules in Appendix A, where we have defined the quark condensate a q = −(2π) 2, and the quark-gluon-mixed condensate qg c σ · Gq = m 2 0with the QCD coupling-constant squared g 2 c = 4πα s . The flavor-symmetry breaking is accounted for by the factor f = ss /and the fourquark condensate is parameterized as (qq) 2 ≡ κ2 . The continuum contributions are included via the factors
In the sum rules, the third terms on the RHS give the contributions that come from the responses of the continuum thresholds to the external field. Here, δ(w B ( * ) ) 2 and δ(w
represent the variations of the continuum threshold and the coefficients are calculated by differentiating the continuum parts of the chiral-even octet and decuplet mass sum rules with respect to the quark mass. These terms are suppressed as compared to the single-pole terms, nevertheless, should be included on the phenomenological side if they are large (see Ref. [15] for a detailed explanation of this term). The corrections that come from the anomalous dimensions of various operators are included with the factors
, where µ = 500 MeV is the renormalization scale and Λ QCD is the QCD scale parameter. A variation of the renormalization scale as well as that of the QCD scale parameter has little effect on the results.
III. ANALYSIS OF THE SUM RULES
We determine the uncertainties in the extracted parameters via the Monte Carlo-based analysis introduced in Ref. [13] . In this analysis, randomly selected, Gaussianly distributed sets are generated from the uncertainties in the QCD input parameters. Here we use a q = 0.52 ± 0.05 GeV
, and Λ QCD = 0.15 ± 0.04 GeV. The factorization violation in the four-quark operator is searched via the parameter κ, where we take κ = 2 ± 1 and 1 ≤ κ ≤ 4; here (qq) 2 ≥2 is assumed via the cut-off at 1. The flavor-symmetry breaking parameter and the mass of the strange quark are taken as f ≡ ss / uu = 0.83 ± 0.05 and m s = 0.11 ± 0.02 GeV, respectively (for a discussion on QCD parameters see, e.g., Ref. [13] ).
The value of the susceptibility χ can be calculated by using the two-point function [16, 17, 18] 
via the relation
The two-point function in Eq. (29) at p 2 = 0 has been studied in chiral perturbation theory [19] with the result
where f π = 93 MeV is the pion decay constant andl 1 and ℓ 2 are the low-energy constants appearing in the effective chiral Lagrangian. A recent analysis of π-π scattering givesl 1 = −1.9 ± 0.2 andl 2 = 5.25 ± 0.04 [20] . Using these values ofl 1 andl 2 and taking the quark condensate a q = 0.52 ± 0.05 GeV 3 , we find χ = −10 ± 1 GeV −1 . The susceptibility χ G is less certain. It is reasonable to assume χ G ≡ χ, however we adopt a larger uncertainty for χ G and take χ G = −10 ± 3 GeV −1 . As we shall see below, the final results are insensitive to a variation in χ G .
The susceptibilities χ s and χ s G can be related to χ and χ G , respectively, in a straightforward way by using the three-flavor NJL model [7, 21] : In NJL model, the constituent-quark mass is composed of the current-quark mass and a dynamical part (M D ) that has a purely nonperturbative origin:
where m i is the current-quark mass, g s is the four-quark coupling and M ′ i represents a potentially small contribution that originates from the six-quark coupling. The scalar charge of the constituent quark can be defined by using the Feynman-Hellmann theorem as
where we have defined R ij = ∂M D i /∂m j with the aid of Eq. (11). In NJL model, ∂M ′ i /∂m i vanishes in the diagonal case and we obtain
Using the values of R ij as given in Eq. (4.13) of Ref. [7] , we find ∆ and σ Ω solely depend on, lead to some ss content for the nucleon and the Delta, and to uu (dd) content for the Omega. Such anomalous quark contents are OZI-rule suppressed, therefore we expect that these non-diagonal susceptibilities should be very small, if nonzero.χ andχ s can be expressed in terms of a correlation function as in Eq. (29) and estimated in chiral perturbation theory. In our analysis, we shall treat these susceptibilities as free parameters and adopt the ranges −2 ≤χ ≤ −1 GeV −1 and −2 ≤χ s ≤ −1 GeV −1 . We also assumeχ ≡χ G andχ s ≡χ s G . We would like to note that these ranges are consistent with those in Ref. [22] , which were taken to reproduce the baryon isospin mass splittings. Moreover, since the sum rules for σ s N depend solely on the non-diagonal susceptibilities,χ andχ G are actually constrained by the strangeness content of the nucleon, which can be determined independently by using other approaches. As we shall see below, these values of the susceptibilities produce a strangeness content for the nucleon in agreement with the expectations based on lattice QCD and chiral perturbation theory. We use 10 3 such configurations from which the uncertainty estimates in the extracted parameters are obtained using a fit of the LHS of the sum rules to the RHS. For m, we make use of the Gell-Mann-Oakes-Renner relation, which is
where m π = 138 MeV is the pion mass. We use the chiral-odd mass sum rules given in Appendix B for normalization of the sigma-term sum rules, which have been found to be more reliable than the chiral-even sum rules [13, 23] . The Monte Carlo analyses of the sum rules are performed by first fitting the mass sum rules (B1)-(B8) to obtain the pole residuesλ B andλ B * , and these residue values are used in the sigma-term sum rules (A1)-(A14) for each corresponding parameter set. The valid Borel regions are determined so that the highest-dimensional operator contributes no more than about 10% to the OPE side, which gives the lower limit on the valid Borel region and ensures OPE convergence. The upper limit is determined using a criterion such that the continuum-plus-continuum-change and plus-excitedstate contributions are less than about 50% of the phenomenological side, which is imposed so as to warrant the pole dominance (this constraint is slightly released for σ ∆ sum rule [1] ). Note that, while the first criterion is rather straightforward, one does not initially have a complete control on the second, since the phenomenological parameters are determined from the fit and they are correlated. We use the following strategy: we first make the fits in a reasonably selected Borel region, which is then adjusted by trial and error according to the fit results until the above criteria are satisfied.
The parameter values that we use for the numerical analysis of the mass sum rules (B1)-(B8), together with the fitted values of the overlap amplitudes, are given in Table I . We also give the continuum contributions for each sum rule at the lower ends of the valid Borel regions (continuum contributions amount to 50% of the total phenomenological side at the higher ends of the Borel regions). In order to reduce the uncertainties in the final results as much as possible, we fix the baryon masses at their experimental values and the continuum thresholds at around the first-excited resonance masses as suggested by the Particle Data Group [24] . It is well-known that the chiral-odd sum rules are less prone to higher order corrections in α s [25] and they perform better as compared to the chiral-even sum rules due to cancellations in the continuum, however the chiral-odd sum rule somewhat overestimates the mass of the Delta resonance (see Refs. [1, 23, 26] for details). Therefore, we take as input the value of the Delta mass as suggested by the chiral-odd sum rule. It is relevant to point out that the dominant contributions to the OPE sides of the sum rules (A1)-(A14) come from the terms that involve the susceptibilities, whereas B ( * ) is due to the uncertainty in the κ parameter and the first is the sum of errors due to all remaining sources. The second column shows the valid Borel regions and the third column shows the continuum-plus-continuum-change and plus-excited-state contributions at the lower ends of the valid Borel regions. We give the ratios of the sigma terms in the last column. (22) the terms that the continuum effects enter with, either do not involve the susceptibility or are proportional to quark masses, which are suppressed as compared to the leading OPE terms. This leads also to a suppression of the continuum contributions. Since the continuum contributions in the sum rules (A1)-(A14) are suppressed as compared to the total phenomenological side, it becomes difficult to extract information about the continuum thresholds from the fit. Therefore, we have assumed that the continuum thresholds are equivalent to those for the mass sum rules. We also take w B ( * ) ≡ w s B ( * ) . The variation of the continuum thresholds, δ(w B ( * ) ) 2 and δ(w s B ( * ) ) 2 , can also be determined from the fit. However, instead of taking these as free parameters, we proceed with a generous assumption that the continuum thresholds change by 25% with the external field viz. δ(w B ( * ) ) 2 = w B ( * ) /4 and δ(w s B ( * ) ) 2 = w s B ( * ) /4. We observe that such changes minimally contribute to the final results therefore can safely be neglected.
To demonstrate how well the sum rules and the fitting work, we first arrange the sum rules in the subtracted formΠ 
whereΠ B ( * ) andΠ s B ( * ) represent the OPE-minus-excited state and minus-continuum-change contributions, and then we plot the logarithms of both sides. As the RHS appears as a straight line with this form, the linearity of the LHS gives an indication of the OPE convergence and FIG. 4 : Same as Fig. 1 but for the sum rules (A8) and (A9) . In Table II we present the values of the sigma terms, σ B ( * ) and σ s B ( * ) , and the transition strengths,C B ( * ) and C s B ( * ) , for each resonance as obtained from the fits of (A1)-(A14) with 10 3 parameter sets. The second column shows the valid Borel regions that are determined according to the criterion explained above and the third column shows the continuum-plus-continuum-change and plus-excited-state contributions at the lower ends of the valid Borel regions. For comparison purposes, we also give the values of the sigma terms as obtained from a chiral model in Ref. [8] and from NJL model [7, 21] (the latter are obtained by multiplying the quark condensates of the baryons given in Ref. [7] with the central values of the quark masses,m = 6 MeV and m s = 110 MeV). We quote two errors for the extracted sigma terms: The second is the error due to uncertainty in the κ parameter and the first is the sum of errors due to all remaining sources.
The large errors in the final results and the dependence on QCD parameters can be substantially removed by considering the ratios of the sigma terms. We extract these ratios, which are listed in the last column of Table II, by dividing the corresponding values of the two sigma terms for each QCD parameter set and by making a statistical analysis of the final distribution. By comparing the values of the sigma terms with those of the ratios, we find that the ratios can be determined rather accurately due to cancellations in the systematic errors. The errors of ∼50% in the final results are reduced to a level of 10-20% in most of the cases when the ratios are considered. We demonstrate this fact by studying the correlations between the fit and the QCD parameters via scatter plots. In Fig. 7 , we present the scatter plots showing the correlations between σ Σ , σ Ξ * , and χ, χ G , κ. In these figures, the data are normalized with the mean values of the sigma terms (the normalized value is represented byσ B ( * ) ) so that the results can be compared on the same scale. The shaded regions represent the extracted values of the sigma terms with their errors. The data with the error bars (in blue) are shown for reference and give the value of the sigma terms when χ, χ G or κ are changed by 3 standard deviations. In Fig. 8 , similar scatter plots are given for the correlations between σ 
mean values of the sigma terms (the normalized value is represented byσ B ( * ) ). The shaded regions represent the extracted values of the sigma terms with their errors. The data with the error bars (in blue) are shown for reference and give the value of the sigma terms when χ, χG or κ deviate by 3 standard deviations. κ dependence is also the main source of error in the final results of the sigma terms.
We now turn to the ratios of the sigma terms. In Figs. 9 and 10 similar scatter plots are shown for the correlations between the ratios
It is impressive to observe that the errors are reduced to a great extent when the ratios are considered and only a slight dependence remains on the QCD parameters. Even the strongest dependence on κ parameter is removed. This behavior is common to all sigma terms, which suggests that more accurate and reliable results can be obtained by considering the ratios.
IV. CONCLUSIONS AND DISCUSSION
We have derived the QCDSR for the scalar quark condensates of the octet and the decuplet baryons. This, together with the definitions in Eqs. (3) and (5), leads to a determination of meson-baryon sigma terms. We have applied a Monte Carlo-based analysis of the sum rules, where we have generated randomly-selected parameter sets from the uncertainties in the QCD input parameters and have made 10 3 fits in order to determine how the initial errors propagate to the final fit parameters. To determine the valid Borel windows, we have applied two criteria which take account of the pole dominance and the OPE convergence. 
The large errors in the fit parameters originate from several sources. The factorization violation parameter, κ, and the susceptibilities are the main sources of uncertainty. We have determined the susceptibility χ of the light quark sector in a model independent way by using the chiral perturbation theory results. The susceptibility χ s can be related to χ by using the three-flavor NJL model. It is reasonable to assume χ s G ≡ χ s and χ G ≡ χ (with larger uncertainties). Our analysis shows that the sigma terms have no considerable dependence on χ G and χ The overlap amplitudes as determined from the baryon-mass sum rules, which we have used to normalize the sum rules for the sigma terms, introduce considerable uncertainties and can only be improved by a better accuracy of the mass sum rules as a result of reducing the errors in the input QCD parameters. Lastly, the transitions to higher-order states and the unknown change of the continuum thresholds with the external field are another sources of uncertainty. We have observed that although a generous range is allowed for the second, it has relatively small impact on the final results and can be safely neglected. However, the transitions to higher-order states, which are not properly suppressed after the Borel transformation, should be included on the phenomeno-logical side as they give large contributions for most of the cases.
It is impressive to see that the large systematic errors cancel when we consider the ratios of the sigma terms. We would like to stress the ratio values given in Table II as our main results, which can be rather accurately determined and have a minimal dependence on the QCD parameters. We have demonstrated this fact by studying the correlations between the input parameters and the sigma terms together with their ratios. We have found that the ratios depend very weakly on the κ parameter as well as on the susceptibilities (within a wide range of 3 standard deviations), as a result of which the error bars shrink. Our results predict the orderings σ N ≥ σ Σ > σ Λ > σ Ξ and σ ∆ ∼ σ Σ * > σ Ξ * > σ Ω for the pion-baryon sigma terms, independently of the values of the susceptibilities and κ. As for the strange-quark mass contributions to the octet and decuplet baryons, we find σ
The sigma term gives a measure of the contribution of explicit chiral-symmetry breaking in the baryon masses. The QCD Hamiltonian consists of the chiral-invariant terms containing the gauge couplings of gluons and the chiral-non-invariant quark-mass term. Suppose that the chiral non-invariant term is weak and therefore treated perturbatively. Then the sigma term is nothing but the contribution of the quark-mass term to the baryon mass. We find that, among the octet and decuplet hyperons, the chiral-symmetry breaking gives the largest contributions to Σ and Σ * baryons. A non-trivial outcome is that σ Ξ and σ s Σ depend mainly on the non-diagonal responses of the quark condensates (besides some small contributions from direct couplings). These sigma terms are consistent with zero in the limit of vanishing non-diagonal susceptibilities. We also find that σ Λ is considerably smaller than σ Σ , which indicates that the quark mass term contributes to Λ-Σ mass splitting. One caveat in the treatment of the octet baryons is that instead of the optimum choices for the interpolating fields, which are known to perform rather successfully in the mass determination [27] , it is possible to adopt a generalized definition in terms of arbitrary mixings between two different local operators. Such an extension of our analysis with more general interpolating fields is desirable, but has the difficulty of treating one extra parameter. Note that in the case of the decuplet baryons we have a unique local operator.
Finally, we would like to comment on the anomalous quark content of the baryons. Our sum rules show that a non-vanishing response ofto external S s (ss) field implies OZI-rule violating ss content for the nucleon and the Delta. Similarly, a non-diagonal response of ss to external S(uu+dd) field leads to a small but non-negligible uu content for the Omega. Therefore, the interesting question of baryon anomalous quark contents boils down to a determination of the susceptibilitiesχ,χ s ,χ G , andχ s G . In the range of the values considered forχ andχ G , the value we obtain for the strangeness content of the nucleon as σ s N = 161 ± 66 MeV is larger than that from the NJL model but compares favorably to expectations based on chiral perturbation theory (≃ 130 MeV according to Ref. [28] ), and on lattice QCD (183 ± 8 MeV according to Ref. [6] ). This corresponds to a nucleon strangeness fraction of y = 0.34 ± 0.06 as defined in Eq. (6), in agreement with that from lattice QCD as y ≃ 0.36 [6] . The ratio of the OZI-rule violating contributions to the nucleon and the Delta is of special interest:
which predicts an equivalent strangeness content for the nucleon and the Delta.
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APPENDIX A: THE QCD SUM RULES FOR THE MESON-BARYON SIGMA TERMS
In this Appendix, we give the sum rules for the meson-baryon sigma terms, which are obtained by matching the OPE sides with the hadronic sides and applying the Borel transformation:
σ Ω : 
Here M is the Borel mass and we have definedλ 
APPENDIX B: THE QCD SUM RULES FOR THE BARYON MASSES
We use the following chiral-odd mass sum rules for normalization of the sigma-term sum rules [23, 29, 30] :
